4«D-A192  224 


UNCLASSIFIED 


EXAMINATION  OF  IOTOPHORETIC  TRANSPORT  OF  IONIC  DRUGS 
ACROSS  SKIN(U)  UTAH  UNIV  SALT  LAKE  CITV  DEPT  OF 
CHENISTRV  S  PONS  ET  AL.  29  JUL  86  TR-51 
N00014-82-K-0470  F/Q  6/15 


00 


OFFICE  OF  NAVAL  RESEARCH 


Contract  N00014-83-K-0470-P00003 
Task  No.  NR  359-718 
TECHNICAL  REPORT  t  51 


OTIC  FILE  CO 


Examination  at  Iotophoretic  Transport 
of  Ionic  Drugs  across  Skin 


By 

Stanley  Pons 
W.  Higuchi 
T.  Masada 
U.  Rohr 
J .  Fox 
C.  Behl 


Prepared  for  Publication  in 
Journal  of  Pharmaceutical  Science 


University  of  Utah 
Department  of  Chemistry 
Sait  Lake  City,  Utah  84112 


DTIC 


ELECTE 
APR  1  4  1988 


July  30,  1986 

Reproduction  in  whole  or  in  part  is  permitted  for 
any  purpose  of  the  United  States  Government. 


This  document  has  been  approved  for  public  release 
and  sale:  its  distribution  is  unlimited. 


f 


Vv'vWW vS-Vv* n^v.^  v* 

. mjr  ^ ^ aK  EaJ v o. m.  r«  if- Vj V VL -*  A  «*.  A  n* 


.V 


'  “J 


a 


4J* 


u 


p 

Aj 

I  »*. 


JCCUHIT*  CLASSIFICATION  Of  THIS  t'AOt  llmlm 


REPORT  DOCUMENTATION  PAGE 


>.  K!>0>lt  NUMUtH 


|2.  COVT  ACCESSION  MO. 


IvKAD  INSTRUCTIONS 
_  IlEKOHt  COMPf.ETINO  KOR.M 


J.  hccipikh  r  s  catalog  i.umh tH 


of  Ionrophoretic  Transport  of  Ioni 
Durgs  across  Skin 


*.  TYPE  OF  REPORT  ft  PERIOD  COVERF. 


Technical  Report# 


ft.  PERFORMING  ORG.  REPORT  HUMBER 


7.  AUThOH(.) 

Stanley  Pons,  W.  Higuchi,  T.  Masada,  U.  Rohr, 
Fox.  C.  Behl 


ft.  contract  or  grant  NUMdtnf*; 


N00014-83-K-0470-P0003 


10-  PROGRAM  ELCmENT.  PROJECT,  TASK 
AREA  A  WOHK  UNIT  NUMBERS 

Task  No.. -NR  359-718 


».  PERFORMING  ORGANIZATION  name  and  ADDRESS 

University  of  Utah 
Department  of  Chemistry 
Salt  Lake  City,  UT  84112 


II.  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 

Office  of  Naval  Research 

Chemistry  Program  -  Chemistry  Code  472  I  u-  “umber  of  pages 

Arlington,  Virginia  22217  _  I _  , _ 


14  MONITORING  agency  name  ft  ADDRESS (U  dlttoront  from  Controlling  Ottico)  |  IS.  SECURITY  CLASS.  (ol  fM#  report) 


Unclassified 


IS*.  DEC  L  ASSlFiCATION/ DOWNGRADING 
SCHEDULE 


16.  Distribution  statement  foi  t.M»  Krport) 


This  document  has  been  approved  for  public  release  and  sale;  its  distribution 
uni  ini  ted. 


17.  DISTRIBUTION  STATEMENT  (ot  lh*  abi  tract  ontmrod  In  Stock  30.  It  dlt/orvnt  /root  Report) 


19-  KEY  WOROS  (CoAifn 


iltf*  tt  n  »c  0  m  »  mry  and  tdanttfy  by  block  nu otbar) 


Iontophoretlcs 


20.  ABSTRACT  (Conttnuo  on  aid*  It  n«C«*i«ry  send  by  block  rmnbarj 


Potential  induced  transport  of  ionic  drugs  across  skin  is  discussed. 


1473  EDITION  OF  I  MOV  ftS  IS  OBSOLETE 


Unclassified 


lamina no::  c?  ionophoretic  iransfori 


;•?  IONIC  DRUGS  ACROSS  SKIN 


Authors: 


IIC-UCKI*,  T.  MASADA*,  U.  ROiP.*,  J.  FOX* 
r  b="-t*  anf»  S.  PONS" 


•College  o'1  Pharmacy 
Department  of  Pharmaceutics 
University  of  Utah 
Salt  Lake  City,  Utah 


Pharmaceutical  Research  and  Development  Departments 
Hc^ftnann-La  Roche,  Inc. 

Nut ley,  New  Jersey 


Depar"ment  of  Chemistry 
University  of  Utah 
Salt  Lake  City,  Utah 


— •  .\e  purpose  o  “nis  pape-  Is  to  oescribe  the  systematic  cevelopment  of  a 

new  four-electrode  system  for  studying  iontophoresis  of  single  charged  drugs 
across  the  skin.  It  is  also  a  critical  examination  of  an  equation  which  we 
have  derived  and  which  describes  fundamentally  flux  enhancement  across  an 
artificial  membrane  or  skin,;  s ■-  •  J  •  ~ 


I  is  the  flux  enhancement  ratio,  Y  is  the  flux  of  a  drug  with  an  electric 
field,  Y0  is  the  flux  for  the  drag  with  no  electric  field  across  the  same 
membrane,  t£  is  the  potential  drop  across  the  membrane,  Z  is  the  molecular 
charge,  D  is  the  di'Tusivity ,  F  is  the  Faraday  constant,  RT  has  the  usual 


_  ^  j  ^  ^ 
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The  experimental  results  in  Table  1  show  that  ror  the  two-electrode 
system,  -with  a  dcncr  and  a  receiver  compartment  the  flux  enhancement  ratio  E 
with  the  benzoate  ion  and  tetraethylarrnoniun  ion  is  within  a  factor  of  two  to 


^ «-V,o  *-V 


the  theoretical  predictions  (assuring  &  =  10  volts)  in  several 


Instances.  The  principal  difficulty  with  the  two-electrode  system  is  that 
t cere  is  no  east  wav  to  know  what  the  actual  i  is  across  the  membrane.  Ihere 


Wo  e  1 


leant  electrical 


.stances  at  the  electrode 'solution  interfaces 


ant  across  the  bulk  solution  between  the  electrodes  and  the  membrane  surface 


there  are  no  simple  methods  for  estimating  these. 
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exectrooe 


system,  the ref ere,  cannot  be  employed  in  the  rigorous  study  of  equation  1. 


2  *-U- 


:lg.  1  allows  rcr  me  fl"?t  ti"1®  ever  to  determine  and  control  the  actual 
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sion  cell.  The  L’.ggln  caciilarv  series  as  a 


reference  electrode  and  consists  of  a  long  thin  capillary  and  is  filled  with 
■'.Cl  solution.  The  KC1  solution  conducts  tv.e  potential  ''nor,  the  tip  of  the 
luggin  capillary  across  the  step  cock  into  a  reservoir  of  XC1  solution.  A 
calomel  electrode  measures  the  potential  and  indicates  it  to  a  potentiostat . 

Two  working  compartments  {6  ml  volume)  with  their  Luggin  capillaries  are 
counted  together  with  the  membrane  in  between.  A  block  diagram  of  the 
electronic  circuit  fer  the  four-electrode  diffusion  cell  Is  shown  In  Fig.  2. 

A  pulse  generator  (G)  supplies  voltage  vs.  ground  to  the  working  electrode 
CE1.  The  same  voltage  of  the  opposite  sign  appears  at  the  (contact  to  the 
reference  electrode  RE1,  while  the  contact  to  the  reference  electrode  RS2  is 
always  held  at  virtual  ground.  Only  negligible  current  can  flow  through  the 
reference  electrodes.  The  potential  drop  between  the  tips  of  Luggin 
capillaries  is  then  controlled  1 r.  a  defined  way.  The  current  flowing  through 
the  membrane  is  supplied  by  the  outputs  of  the  operational  amplifier  0A1  and 
0A3  with  the  platinum  wires  of  the  counter  electrodes  CE1  and  CE2. 

Fig.  3  and  A  depict  flux  enhancement  ratios  for  tetraethylarmoniun 
bromide  wish  the  four-electrode  system  by  using  a  cellulose  acetate  membrane 
and  hairless  mouse  skin,  respectively.  As  can  be  seen,  low  applied  voltages 
between  0  and  2pC  millivolts  the  agreement  between  experimental  and 
theoretical  predicted  flux  enhancement  is  excellent. 

At  higher  voltages,  the  experimental  flux  enhancement  rises  faster  than For 
she  theoretical  predictions.  An  explanation  for  this  is  believed  to  be  that  □ 

n 

toe  applied  electric  rield  causes  changes  ir.  skin  properties  which  allows  r  - 

faster  diffusion  of  molecules  through  the  skin.  These  results  demonstrating  _ 

,n/ 

the  Quantitative  aoolicabilltv  of  ecuation  1  are  believed  to  be  tne  first  of..  „  .  „ 
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